Introduction
To clarify the mode of differentiation of the Jurassic and Cretaceous granitic magmas in South Korea, a neutron activation analysis has been utilized to measure the REE abundance of the granitic rocks. We will use the Rayleigh fractionation model as a crystallization model of granitic magmas.
It will be shown that model calculations for crystal fractionation from a quartz diorite magma lead to granodiorite and adamellite, and the similar calcula tions for crystal fractionation from a granodiorite magma lead to adamellite and granite.
From the data and result of calcula tions presented, it will be suggested that the Cretaceous granitic magmas in South Korea were mainly differentiated by fractional crys tallization.
Since the REE patterns for the Jurassic granitic rocks do not show large nega tive Eu anomalies, it is difficult to consider that the Jurassic granitic magmas were chiefly differentiated by fractional crystallization.
Korean Granitic Rocks
Four geological provinces have been recognized in South Korea on the basis of tectonics and geology (Kim, 1975) . The provinces have a NE-SW trend across the Korean peninsula, known as the Sinian direction, and from north to south, are referred to as the Kyonggi massif, Ogcheon geosynclinal zone, Ryongnam massif, and Kyongsang sedimentary basin (Fig. 1 ). In the Kyonggi and Ryongnam massifs, Precam brian systems and granite gneisses are well exposed. Jurassic granites occur widely along (Manuscript received, October 25, 1986 (Kim, 1975 (Tsusue et al., 1981; Tsusue, 1984) .
Petrographic

Character of Korean Granitic Rocks
Several contrasts have been found between Jurassic and Cretaceous granitic rocks, namely, the mode of occurrence, modal composition, opaque mineralogy, texture of K-feldspar, grain size, and so on (Tsusue et al., 1981; liyama and Fonteilles, 1981) . Granitic rock nomenclature in this article is, in general, based on Bateman et al. (1963) , though their quartz monzonite is called adamellite. The Jurassic granitic rocks range from quartz diorite through granodiorite to adamel lite, granodiorite being the most abundant; the Cretaceous granite rocks range from quartz diorite through granodiorite to adamellite and granite, with granodiorite and adamellite the most abundant. Therefore, the compositional range of the Cretaceous granitic rocks is wider than the range of the Jurassic granitic rocks (Tsusue et al., 1981) .
Based on the chemical composition and texture, Cretaceous granitic rocks in the Kyongsang basin are classified into 1) Jindong granite, 2) Bulgugsa granite in the narrow sense, and 3) masanite and hypersolvus granite (Lee, 1972; Tsusue et al., 1986) . The term Bulgugsa granite in the wide sense is generally used for the Cretaceous granitic rocks in the Kyongsang basin.
Since petrographical description of the Mesozoic granitic rocks of South Korea is already given in Lee (1971), liyama and Fonteilles (1981) , Jin et al. (1981) , Lee (1982) , and Tsusue et al. (1986) , description of the Mesozoic granitic rocks will not be repeated here.
Neutron Activation Analysis of Granitic Rocks
Instrumental neutron activation analysis using high-resolution Ge spectrometry has been employed in a manner of methods for the analy sis of geochemical materials (Cobb, 1967; Cor don et al., 1986) . Neutron activation analysis of trace elements in the granitic rocks has been performed by using facilities of the Research Reactor Institute, Kyoto University (KUR).
Chemistry of Korean Granitic Rocks
Although chemical analyses of the granitic rocks in South Korea had been available, major element chemical data were obtained for 39 additional granitic rocks which were also ana lyzed by neutron activation analysis. Chemi cal analysis of fused disc samples was made with an automatic X-ray fluorescence The condition of analysis, calibration, and correction procedures were as described by Matsumoto and Urabe (1980) . Wet-chemical determinations of ferrous iron were made for all samples.
Major and trace element analyses of Korean granitic rocks are shown in Tables   1A, 1B, 1C , and 1D and their sample locations are shown in Fig. 2 .
Chemical characteristics of the Jurassic and Cretaceous granitic rocks of South Korea were already described by preceding papers (Lee, 1971; liyama and Fonteilljs, 1981; Jin et al., 1981; Lee, 1982; Hong, 1983 Hong, , 1984 .
Crystallization Models of Granitic Melts
We used the Rayleigh fractionation model as a crystallization model of granitic melts. A knowledge of crystal/melt distribution coefficients is prerequisite to modeling trace element behavior. Most distribution coefficients for the minerals of granitic rocks are derived from phenocryst/matrix pair , and considerable degree of uncertainty surrounds these data.
The distribution coefficients used in this article are shown in Table 2 .
The Wolagsan mass is a typical zoned and southeasterly length of 15km (Fig. 1) . The bulk of the rocks of the mass is adamellite, but the outermost facies is hornblende-biotite granodiorite, and the innermost one is biotite granite. Their SiO2 content ranges from 65 to 77%. Granitic rocks of the mass consist of plagioclase, quartz, K-feldspar, biotite, and accessory hornblende, magnetite, ilmenite, apatite, sphene, zircon, and allanite.
The Kfeldspar of the mass is either microcline or perthite, and the myrmekitic texture is found in some granitic rocks.
The trace element models for REE pat terns have been calculated using the Rayleigh fractionation law. In the case of the Wolagsan mass, from the trace element contents of outer most facies (sample no. 79081807), it was assumed that the mass formed from a single parent magma containing 37ppm La, 57ppm Ce, 36 ppm Nd, 4.4ppm Sm, 1.09ppm Eu, 0.58 ppm Tb, 2.0ppm Yb, 0.10ppm Lu. And from the modal composition of the outermost facies and density of rock-forming minerals, it was assumed that from this melt, 23% quartz, 12% K-feldspar, 50% plagioclase, 13% biotite, 2% hornblende, 0.1% magnetite, 0.2% apatite, and Table 1C . Chemical analyses of granitic rocks from South Korea 0.6% sphene are fractionally removed, causing the REE pattern to move from 1 through 0.5 to 0.1 and 0.05 in Fig. 3A , where the figures such as 1, 0.5, 0.1, and 0.05 are the fractions of original melt remaining. Fig. 3A demonstrates that model calculations for crystal fractionation from a granodiorite magma lead to adamellite and granite. Fig. 3B shows the chondrite nor malized plot of REE abundance in the granitic rocks of the Wolagsan mass. From the REE patterns in Figs. 3A and 3B, it will be seen that the model calculations using the Rayleigh fractionation law fit the REE data for the Walgsan mass very well, except for the higher light REE (LREE) abunance in the model calcu lations.
The Jindong granite ranges from pyroxene-bearing hornblende-biotite quartz diorite to hornblende-biotite granodiorite and its SiO2 content varies from 57 to 65%. The rock is composed of plagioclase, quartz , K-feldspar, hornblende, bitotite, and accessory magnetite, ilmenite, apatite, and zircon. The Jindong granite is found in the southern part of the Kyongsang basin, such as Goeje and Namhae
Islands and the Jindong area where the name of the granite came from.
The REE patterns of several Jindong gran- The negative Eu anomaly is the smallest in the sample no. 79072704, therefore, we assumed it as a second parent magma.
The trace element models for REE pat terns have been calculated using the Rayleigh fractionation law. From the trace element contents of the Bulgugsa granite from the Cheongdo area, southeast of Daegu (sample no. 79072704), it was assumed that the granite form ed from a second parent magma containing 27 ppm La, 42ppm Ce, 28ppm Nd, 3.3ppm Sm, 0.73ppm Eu, 0.52ppm Tb, 1.8ppm Yb, and 0.37 ppm Lu. And from the modal composition of the sample and density of rock-forming min erals, it was assumed that from this residual melt, 26% quartz, 38% K-feldspar, 27% plagio clase, 6% biotite, 3% magnetite, 0.4% apatite, 0.03% sphene, and 0.3% zircon are fractionally removed, causing REE pattern to move 1 through 0.5 to 0.1, 0.05, and 0.01 in Fig. 6A , where the figures such as 1, 0.5, 0.05, and 0.01 are the fractions of original melt remaining. second original magma (sample no. 79072704).
From the REE patterns in Figs 6A and 6B, it will be seen that the model calulations using the Rayleigh fractionation law again fit the REE data for the masanite and hypersolvus granite very well.
Masanite is a variety of granite porphyry characterized by distinct micrographic texture in the groundmass and miarolitic cavities. Phenocrysts are K-feldspar, plagioclase, and quartz. In addition to felsic minerals, small amounts of riebeckitic amphibole, biotite, mag netite, allanite, apatite, and epidote are found in the groundmass.
Epidote and fluorite are com mon minerals filling miarolitic cavities.
Elec tron microprobe analysis of the amphibole reveals that it is rich in Fe and Mn, compared with hornblendes in other granitic rocks of the Kyongsang basin. The rock is generally char acterized by high SiO2 (> 74%) and K2O+Na20 (>7.6%) contents and low A12O3 (<14%), MgO (<0.3%), and CaO (<0.7%) contents (Table 2D) . However, the masanite with plagioclase phenocrysts is less silicic (Table 1D , no. 79081207) .
Masanite is found as dikes in the southern part of the Kyongsang basin, such as Busan, Masan, and Changweon areas, whereas masanite with plagioclase phenocrysts is found as a small intrusive mass with a diameter of 10 km in Namhae Island.
Mode of occurrence and petrographic char acter of masanite are very similar to miarolitic K-feldspar granite found along the Fujian-Zhejian coastal belt in southeastern China (Tu et al., 1984) . The southern part of the Korean peninsula is geologically situated in the northeastern extension of the Fujian-Zhejian coastal belt.
A hypersolvus granite is found in Namsan, 4km south of Kyongju City. It is character ized by the absence of plagioclase except as a component of perthite, and the presence of riebekitic amphibole with a violet tint. The rock is composed of microperthite, quartz, and accessory amphibole, biotite, magnetite, and fluorite.
The granite is also characterized by high SiO2 (> 77%) and K2O+Na2O (> 7.9%) contents and low A12O3 (<13%), MgO (<0.1%), and CaO (<0.3%) contents (Table 2 ; Iiyama and Fonteilles, 1981).
Hypersolvus
granite is also found in the Kuiqi mass, Cretaceous miarolitic K-feldspar granite near Fuzhou City in southeastern China. The paragenesis and texture of hypersolvus granite and miarolitic K-feldspar granite of the 2nd stage gradate into each other in the Kuiqi mass (Tsusue, pers. comm., 1985) . The Jurassic granitic rocks show typical plutonic texture with rather equigranular mosaic aggregate of their constituent minerals.
It is difficult to determine the sequence of crys tallization of constitutent minerals from the texture.
The feldspar shows well defined microcline structure, and the myrmekitic tex ture is very common in the Jurassic granitic rocks (Lee, 1971 ; Iiyama and Fonteilles, 1981) .
The Jurassic granitic rocks range from hornblede-biotite quartz diorite through horn- Where (La/Lu)cn is chondrite normalized La/Lu ratio (Fig. 7) .
From the REE patterns of the Jurassic granitic rocks, it is difficult to consider that the Jurassic granitic rocks were formed by frac tional crystallization. 
